Analysis of the elastic behaviour of silica aerogels taken as a percolating system T. Woignier Abstract. 2014 Measurements of the Young modulus of silica aerogels are performed using the three points flexural technique. The elastic behaviour is studied as a function of the apparent density of the materials. The analysis of the experimental results is made in terms of a percolating system. J. Phys. France 49 (1988) [6] with another exponent f higher than the tensorial elasticity exponent of the discrete lattice.
Experimental investigations refer to model systems (metal sheet in which holes are punched) [7] [8] [9] and real materials such as sintered powder of metal [10] or gels and polymers [11] [12] [13] . For [12] . b) These porous materials can be regarded as a « solid-holes » system using a volumic fraction of voids as percolation parameter. The latter assumption is identical to that used for the « Swiss cheese » model.
Moreover, the static modulus determination of silica aerogels gives complementary information on previous elastic dynamics investigations on the same materials using inelastic light scattering experiments [14] . So the relation of the static and the high frequency elastic behaviour can be analysed. Also a comparison with previous ultrasonic elastic properties of different aerogels [15, 16] will be given. [18] . The evolution of the Young modulus as a function of the apparent density is plotted on log-log scales (Fig. 2) . The [15] [16] .
The variation of elastic modulus versus the density is quite similar to that obtained using ultrasonic technique [15] [16] . However the ultrasound measurements show an important dispersion which must be attributed to the fact that the samples are coming from various origins [15] . In our case the sample preparation is well controlled and the elastic properties show a good reproducibility. (Furthermore, measurements carried out in the hypersound frequency range, on the same series of aerogels agree well with reported values [14] .) Aerogels and densified aerogels look to have different elastic behaviour, the slope corresponding to the densified aerogel is slightly lower than that for non treated aerogels. This result could not be pointed out in the previous measurements [15] [16] due to the low number of studied samples. In fact, aerogel and densified aerogel are different materials because the later has undergone an other heattreatment to densify it. For these reasons, the analysis in terms of the percolation theory has been discussed for the set of aerogels only. 4 . Discussion.
In the following discussion, 3 types of analyses reported in the literature are proposed.
In the first analysis, the gelation process is compared to a site-bond percolation model with 2 probabilities [20] . In Taking 0, = 3 % ± 1, the scaling exponent T is equal to 3.9 ± 0.2 (Fig. 3) . This value is close to the value proposed by the models assuming a tensorial elasticity [4, 5] .
The experimental determination of T is linked to a choice of the physical variable which can replace the unknown mathematical variables P -PC. Various variables such as concentration in monomers [12, 20] or time [11, 13] were proposed assuming implicitely a proportionality between these variables and the P scale. This difficulty could be avoided if another scaling property is measured on the system leading to the elimination of the P -P c factor.
The gelation-percolation analogy assumes that physical-chemical properties of the gel such as gel fraction, the number of macromolecules, the degree of polymerization scales with the P -P c factor and critical exponents of the percolation theory [21] . For example the gel fraction is correlated to the percolation probability 5(P). T (P) is defined as the probability for a site to belong to the infinite cluster. In this gelation-percolation analogy, the gel fraction, and consequently the density of the gel, scales with the 13 exponent.
p is the density of the infinite cluster (gel network). Below Pc finite clusters (microgels) are present in the liquid and p is equal to zero. The following scaling relation can be derived.
Experimental results give a T /,B value of about 3.8 for the aerogel (Fig. 2) . For a three-dimensional percolative model the {3 value is in the range 0.39-0.47 [22] . Then T would be in the range 1.5-1.8, and the scalar elasticity would be significant. This result is in a disagreement with the first analysis.
However, the assumption that Q is close to 0. In the third analysis, we identify the aerogels as a « Swiss cheese » continuum model [6] . In this case (P -Pc) is assumed to be directly linked to (qc -q ) where q is the volume fraction of voids, then : Fig. 4. -Evolution of the Young modulus as a function of the volume fraction of holes (qc -q ).
The experimental results (Fig. 4) [14] is closer to 4/3 [23] than to 0.9 [24] which indeed does give some support to scalar elasticity in these systems.
Finally it should be noted that the value of the fractal dimension D = 2.4, found by neutron scattering [25] , is somewhat smaller than the fractal dimension of the infinite percolation cluster D = 2.5 [21] . An identification of the aerogel with the infinite cluster of percolation models can only be an approximation.
Conclusion.
The initial choice for the physical variable which is thought to correspond to P -Pc is highly important since different choices issued from the literature lead to contradictory conclusions. This result points out the difficulty to find the « good » physical variable to study a supposed percolating system.
The structure of an aerogel is due to the sequence of different processes : gelation, aging and shrinkage. Straightforward percolation is only an approximation which is certainly useful for a qualitative description but which might be too crude for quantitative results.
